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1 PROBLEM DESCRIPTION  
The Doppler effect occurs when there is a perceived pitch change at a receiver due to a moving source or receiver. The 
Doppler effect has spatial localization implications, as there is a radial component affecting the perception of source location 
and direction. The effect infers relative motion in the absence of other indicators, and can be used to demonstrate the 
effectiveness of a spatialisation system (Zölzer, 2011). 
 
A common example is where an ambulance is approaching a passerby and there is an observable change in the pitch of the 
received signal between the approaching and departing sources. The Doppler effect occurs when either the receiver or the 
source are moving, but this investigation is limited to the assessment of a stationary receiver and assessment of moving 
source. 
To reproduce spatial motion impacts, it is necessary to be able to predict the occurrence of the Doppler effect from a 
moving sound source, which can be best replicated in digital systems using a pitch shift on the source.  
The development of a user-interactive interface will allow the user to predict whether the Doppler effect will occur as the 
result of various source and spatial input parameters. This will be achieved by the development of the Doppler GUI, with 
internal coding specifications as presented in this report. The input parameters have been investigated to demonstrate 
effectiveness of the concept itself, and this document outlines ranges of suitability of various parameters which generally 
effect the occurrence and perceptibility of the Doppler effect, including source frequency, velocity, distance and path 
length. 
 
2 SPECIFICATION  
The ability to reproduce or predict the occurrence of the Doppler effect is useful in terms of sound reproduction and to 
demonstrate the effectiveness of spatialization systems. 
The Doppler effect generally occurs when either the receiver or the source (or both) are moving relative to the other. In 
consideration to a sound source moving towards a receiver, the sound source frequency f0 moves towards the receiver 
frequency f’ at a velocity vs with respect to the speed of sound, c. For a stationary source, the detected frequency is 
represented by the following formula: 
 
Source: Matlab (2018) 
 
This results in a perceived pitch change at the receiver, due to the changes in frequency of the wave paths approaching and 
receding from the receiver, as shown in Figure 1. The process assumes the angle of the approaching sound source is -
pi/2<theta < pi/2.  
 
Figure 1: Doppler frequency change at listening location perpendicular to source path 
Source: Neuhoff and McBeath (2002) 
 
The Doppler effect can be simulated via a concept called delay-based pitch-shifting (Zölzer, 2011), as shown in Figure 2. This 
process simulates the relative movement between a sound source and receiver imposing a frequency shift on the received 
signal. 
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The human sensation of interpreting frequency changes is referred to as pitch; the higher the frequency of a sound, the 
higher the perceived pitch. Historical studies have found that source pitch and volume have a notable influence in the 
detection and perception of noise influences. An example of the perceived frequency and intensity change for Doppler effect 
experiments conducted by Neuhoff and McBeath (2002) is presented in Figure 3. 
 
 
 
Figure 2: Pitch shifting 
Source: Zölzer (2011) 
 
 
Figure 3: Neuhoff and McBeath (2002) 
 
 
3 IMPLEMENTATION 
Proposal  
It is proposed to develop a testing method via a graphical user interface (GUI) or plugin interface to allow interactive 
analysis of Doppler effect. As the effect is useful in realistic sound reproduction and to demonstrate the effectiveness of a 
spatialization systems, this tool will provide a benefit to sound design users and facilitate the prediction and reproduction 
of the Doppler effect. The proposal aims to investigate the implications of changing input parameters on the Doppler 
effect, as well as implications of signal phase and source velocity on its occurrence. 
It is therefore proposed to develop a testing method, via a GUI interface, to assist in the modelling of influential 
parameters. A sample interface is presented in Figure 4. The GUI will implement the coding outlined in this document, and 
the interface will allow users to specify and modify input coordinates, velocity, frequency and pitch specifications.  
 
Figure 4: Example GUI interface, Doppler Dome VST Plugin by Aegean Music  
(http://www.kvraudio.com/forum/viewtopic.php?f=6&t=437627)  
 
The final GUI interface will allow the input of sound bites and signals in standard wav format, however for the purpose of 
demonstrating the outputs graphically, sound inputs have been generated using a simplistic unit wave.  
 
Implementation in Matlab  
To demonstrate the principles of the proposal, it is possible to assess coding which will be implemented as part of the GUI in 
the programming package Matlab. This allows the input of specific parameters by the user and analysis through various 
algorithms, which will later be implemented in the GUI.  
 
As part of this package, there are five Matlab files demonstrating the implementation of the principles under investigation. 
The overarching script (Code_Frontal.m) references four functions, and allows the user to modify the following source inputs: 
frequency, source speed, source path length and distance from observer to sound path.  
 
Included in the Matlab interface are ranges of appropriate input variables, based on the testing completed to support the 
development of this proposal. This will allow the user to experiment with parameters which are result in the occurrence of 
the Doppler effect. 
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The four Matlab functions include code-lines whereby the input signal and input parameters are subject to processing 
including Doppler shift via pitch-based delay lines, array generation over the sampling period, and generation of output 
signals and graphics. The functions generate Dopplered mono (Code_Frontal) and stereo (DopplerFrontalILD.m) signals, the 
effect of combining two inverse waveforms on the occurrence of the Doppler effect (Combined.m), and an evaluation of 
changing intensity, and thereby pitch (DopplerFrontalIntensity.m).  
 
The overarching processing function is shown in Figure 5. 
 
 
Doppler shiftX(n) Y(n)Resample signal
 
 
Figure 5: Schematic processing function of signal 
 
The source input is converted into a unit angular velocity, and arrays of source position and distance are generated with 
reference to the source passby time. Arrays of apparent velocity, amplitude and frequency are generated, with reference 
to the radial component of velocity, which define these parameters over time increments, to reproduce the movement of 
the sound source through space. Then the arrays are reproduced and the final Dopplered waveforms are output in mono 
and stereo format, as well as being presented in graphical format. The radial component of the velocity accounts for the 
changing approach angle as the source moves past the receiver. 
 
The received noise level will differ between one ear to another for an approaching source, due to the difference in noise 
level received between the left and right ears (Figure 6). The modelling accounts for this change in noise level and resulting 
Doppler effect, reported as the interaural level difference (ILD). 
 
Figure 6: Schematic of Interaural Level Difference  
 
Testing  
Modelling was completed in Matlab based on a unit wave function, a simple sine wave to demonstrate the correlation 
between relevant parameters, to minimise processing time, ensuring that outputs were able to be plotted. A sample time of 
6 seconds was adopted to provide short, user-friendly outputs to demonstrate the effectiveness of the algorithms. The time 
array was developed for the range–T/2 to T/2. Assessments were completed as follows: 
 
 Calculation of Doppler effect for different parameters, including estimates of apparent frequency, velocity 
and interaural level difference (ILD) 
 Assessment of changing parameters, including frequency, speed and source path length; 
 Assessment of phase inversion on Doppler effect, and occurrence of signal cancellation 
 Assessment of changes to source pitch on Doppler effect 
 
4 EVALUATION  
The Matlab implementation was run to evaluate the effectiveness of the scripts and functions that will feed into the 
eventual GUI interface. Two batches of model files are included, one being the parameter optimisation runs, being 
iterations of input parameters developed from the original base model to determine the range of suitability in terms of 
identifying Doppler effects. The second batch presents a user interface which includes recommended parameter ranges 
based on the optimisation process. The base model was established for parameter optimisation with the following source 
parameters: 
 Frequency: 440 Hz 
 Path length: 100m 
 Source (y) coordinate distance: 10m 
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Further assessments included modifications of the source velocity and the source amplitude, or pitch.  
The functions adequately provide audio and graphical outputs for all scenarios; audio outputs are Dopplered signals for 
mono and stereo channels, with corresponding graphical outputs of apparent velocity, frequency, amplitude and interaural 
level difference, as per the attached files. Figure 7 presents the output for the base scenario. 
 
Figure 7: 440 Hz source passing at 30 m from receiver with 100 m path length 
Examples of the various iterations are included in the files associated with this report. The identified parameters were 
found to impact on the occurrence of the Doppler effect and recommended ranges developed for the user interface 
model, as follows. 
Frequency 
For the ranges 440 Hz to 10kHz the Doppler effect was audible, with pitch changes apparent to a maximum level of 10 kHz 
(cf. base case parameter setup), however at higher frequencies the Doppler effect was difficult to identify, and the 
interaural time delay becomes convoluted. Recommended range:  440 Hz to 10kHz.  
Sound path length 
Doppler impacts were discernible for path lengths greater than around 20 m, although this depends on the frequency of 
the source. Path lengths greater than 1000m caused a discernible Doppler and marked change in apparent velocity, pitch 
and frequency, due to the distance to be covered by the source in question, therefore the implementation of this length 
may not be realistic, however for the purpose of analysis and testing. Recommended range: 10m to 2,000m. 
Source coordinate distance 
The impact of changing source distance was found to be limited to a proximity of around 100 m. Beyond this distance, any 
pitch variations were found to be too distant to be readily discernible. Recommended range: 10m to 100m. 
No Velocity 
A simulation was developed to emulate that the Doppler effect does not occur in the absence of a moving sound source. 
Source velocity is accounted for in the definition of the source path length and the duration of the simulation. To model 
the impacts of reducing velocity to 0 m/s, it was necessary to reduce the path length to less than 10 cm.  
As expected, in the absence of source velocity, no pitch change (i.e. Doppler shift) was observed. The Doppler effect cannot 
be produced for a stationary source (refer Figure 8). The adoption of a 6 second sample is adequate to ensure the 
equivalent source velocity is conducive to the Doppler effect. 
 Doppler Cancellation 
A scenario was developed to reproduce the effect of two simultaneous opposing Dopplered signals ; the phase on one 
stereo output was inverted and both channels reproduced, with the net cancellation of the Doppler effect, as 
demonstrated by the flat interaural level difference in Figure 9. 
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Figure 8: 440 Hz source at 0 m/s  - no Doppler effect 
 
Figure 9: 2x inverted 440 Hz stereo signals - Doppler cancellation  
Pitch effects 
A scenario was developed to reproduce the effect of doubling the pitch of the input signal. The Doppler effect was found to 
be audible, and the frequency change was discernible, however it is considered that changes in pitch can be more 
thoroughly explored by modifying the frequency inputs of the code.  
Measure of DSP outputs: Interaural Level Difference  
The stereo signal outputs for the proposal include calculation of the ILD between the left and right ear. These outputs 
present a quantifiable measure of the successful implementation of the proposal for human users. This method could be 
elaborated by the programming of the final GUI interface to import recorded sounds as wav files. Recorded signals would 
be downsampled and run through the Matlab code as part of the GUI. The stereo output will allow the spatialization of 
audio, where users will be able to easily identify the Doppler effect due to ILD. 
5 CONCLUSIONS 
This report has successfully demonstrated the implementation of programming for the development of a user interface to 
allow assessment of effect the occurrence and perceptibility of the Doppler effect, including source frequency, velocity, 
distance, path length and pitch. The parameters to be input into the GUI interface have been investigated, to demonstrate 
effectiveness of the concept itself, and a range of parameters have been recommended for use in the associated Matlab 
files to successfully analyse different parameter specifications in the modelling of the Doppler effect. 
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